Purpose. To compare the healthcare costs of women with unilateral breast cancer who underwent contralateral prophylactic mastectomy (CPM) with those of women who did not. Methods. We conducted a retrospective study of 904 women treated for stage I-III breast cancer with or without CPM. Women were matched according to age, year at diagnosis, stage, and receipt of chemotherapy. We included healthcare costs starting from the date of surgery to 24 months. We identified whether care was immediate or delayed (CPM within 6 months or 6-24 months after initial surgery, respectively). Costs were converted to approximate Medicare reimbursement values and adjusted for inflation. Multivariable regression analysis was performed to evaluate the effect of CPM on total breast cancer care costs adjusting for patient characteristics and accounting for matched pairs. Results. The mean difference between the CPM and no-CPM matched groups was $3,573 (standard error [SE] $455) for professional costs, $4,176 (SE $1,724) for technical costs, and $7,749 (SE $2,069) for total costs. For immediate and delayed CPM, the mean difference for total costs was $6,528 (SE $2,243) and $16,744 (SE $5,017), respectively. In multivariable analysis, the CPM group had a statistically significant increase of 16.9 % in mean total costs compared with the no-CPM group (p \ 0.0001). Human epidermal growth factor receptor 2/neu-positive status, receipt of radiation, and reconstruction were associated with increases in total costs. Conclusions. CPM significantly increases short-term healthcare costs for women with unilateral breast cancer. These patient-level cost results can be used for future studies that evaluate the influence of costs of CPM on decision making.
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Over the past decade, women with unilateral breast cancer have increasingly undergone contralateral prophylactic mastectomy (CPM) despite the lack of clear evidence that the procedure provides a survival benefit. 1 The annual population-based rates of CPM among surgically treated patients with invasive breast cancer and ductal carcinoma in situ are estimated at 3.4 and 4.1 %, respectively. 2, 3 However, the reported CPM frequency is much higher in academic medical centers, ranging from 14 to 28 %, [4] [5] [6] and the rate of CPM has increased fourfold over the past 10 years in some institutions. 7 These higher-than-average rates of CPM in multidisciplinary cancer care centers may reflect higher rates of breast magnetic resonance imaging utilization, genetic testing of high-risk patients, access to plastic surgery expertise for breast reconstruction, and an increase in patient and/or physician preference for more aggressive breast cancer management. 8, 9 Cost is considered a major factor in treatment decision making. It has been demonstrated that bilateral prophylactic mastectomy is more cost effective in cancer-free BRCA1 or BRCA2 gene mutation carriers than breast cancer surveillance. [10] [11] [12] However, data on the economic value of CPM in women with unilateral breast cancer are limited. Zendejas et al. 13 conducted a cost-effectiveness analysis of CPM versus routine surveillance among women with unilateral breast cancer. For patients without BRCA1 or BRCA2 mutation, CPM was cost effective in patients younger than 70 years of age and under the assumption that the utility for the disease-free state with CPM was equal to or greater than that for the disease-free state with surveillance. Inpatient and outpatient costs were obtained from the Healthcare Cost and Utilization Project Nationwide Inpatient Sample database 14 and from 2007 rates for Medicare reimbursement. These costs were point estimates that did not include patient-level variation.
The majority of the costs associated with CPM are direct medical care costs (e.g. surgical procedure cost). Frost et al. reported that 27 % of women had at least one unanticipated reoperation after CPM, 15 and Barton et al. and Crosby et al. reported that 27-66 % of women who underwent CPM had at least one complication. 16, 17 This means that at least one-third of patients might not have experienced a surgical complication if they had not chosen CPM. The costs of unanticipated operations and treatment complications associated with CPM further increase the direct medical care costs of the procedure.
The objective of our study was to compare the direct, short-term healthcare costs of women with unilateral breast cancer who underwent CPM with those who did not, matched by demographic and tumor characteristics at a single institution, and to evaluate the contribution of CPM to the total cost of breast cancer care relative to other specific clinical components.
MATERIALS AND METHODS

Patient Selection
We searched the prospective Breast Cancer Management System database of The University of Texas MD Anderson Cancer Center to identify women with clinical stage I-III primary unilateral invasive breast cancer who underwent a mastectomy between June 1997 and August 2009. Patients who underwent bilateral mastectomies for metachronous bilateral breast cancer (contralateral breast cancer within 6 months of diagnosis of the primary breast cancer), and patients with contralateral invasive or ductal carcinoma in situ incidentally discovered at the time of CPM were excluded. We collected data on patient demographics (age, sex, race, comorbidity, and method of payment [private insurance, indigent care, government ('Medicare' or 'Medicaid'), or self-pay]), breast tumor characteristics (histology, tumor size, lymph node metastasis status, stage, nuclear grade, and estrogen receptor
[ER], progesterone receptor [PR] , and human epidermal growth factor receptor 2 (HER2)/neu status), and treatment type (chemotherapy, endocrine therapy, radiation therapy, and surgery). 18 Patient selection details are summarized in Fig. 1 . We identified 3,889 patients (532 in the CPM group and 3,357 in the no-CPM group) who met our eligibility criteria. We excluded patients who received chemotherapy or radiation therapy outside of MD Anderson (n = 780). Thus, 468 patients in the CPM group and 2,641 patients in the no-CPM group were eligible for matching.
We matched each patient in the CPM group with a patient in the no-CPM group at a 1:1 ratio on the basis of age at diagnosis (within 5 years), year of diagnosis (within 1 year), disease stage (I, II, or III), and receipt of chemotherapy at MD Anderson (yes or no), resulting in 464 matched pairs. Post-matching, we excluded ten patients in the CPM group who underwent CPM [ 24 months after the date of primary breast cancer surgery and two no-CPM patients who had no professional or technical charge records. In the final study analysis, there were 452 CPM and no-CPM matched pairs. We further divided our 452 matched case-control pairs into two subgroups-398 matched pairs that included patients who had CPM within 6 months from initial surgery (immediate CPM) and 54 matched pairs that included patients who had CPM 6-24 months after initial surgery (delayed CPM).
Our dataset did not have a variable to identify the patients who underwent breast reconstruction after mastectomy. We identified 544 of 904 patients using the Current Procedural Technology (CPT) codes for breast reconstruction (codes 15777, 19324, 19325, 19340, 19342, 19350, 19357, 19361, 19364, 19366, 19367, 19368, 19369, 19370, 19371, 19380, and 19396) .
This research was approved by the Institutional Review Board at The University of Texas MD Anderson Cancer Center.
Defining Costs
We defined the cost as the amount reimbursed by Medicare. Medicare payments may be considered a reasonable proxy for the opportunity cost of goods and services. 19, 20 For both the CPM and no-CPM groups, we totaled costs of healthcare reimbursed by Medicare for 24 months starting from the date of primary breast surgery. Total cost of care was the sum of professional and technical costs. Professional component included clinician activities (e.g. interpretation of services), while technical component included billing for equipment, supplies, technicians, and facilities.
Cost Estimation
Resources utilized and their respective charges from the MD Anderson billing system were transformed to costs.
(1) For physician reimbursement, we identified proxy costs from the Medicare database using the formula for the Medicare physician payment schedule. The Medicare physician payment schedule includes relative value units (RVUs) that correspond to services, geographical practice conversion indices (GPCIs) that correspond to payment localities, and constant conversion factors for each year. The conversion factor converts the number of RVUs for each resource used in the Medicare physician payment schedule into a dollar amount. To identify the proxy costs, we matched CPT codes for resource use from the professional components of the MD Anderson billing system with CPT codes and corresponding physician payment schedules from the Medicare database. GPCIs for Houston were applied to give Houstonspecific physician reimbursement amount. (2) For hospital reimbursement (i.e. inpatient hospitalization, outpatient visits, and pharmacy), we applied urban Texas-specific cost-to-charge ratios to the hospital component of the dataset to obtain an estimate of the costs. The cost-to-charge ratios were identified from the Federal Register, 21 and charges were identified from the technical component of the MD Anderson billing system. The cost-to-charge ratio particular to the region of interest (i.e. urban Texas) adjusted for geographical variability in costs. (3) All costs were converted to 2010 US dollars by multiplying the costs by the appropriate ratio of the consumer price indices for medical care. 22 
Statistical Analysis
Descriptive statistics, i.e. the number of non-missing observations (n), mean, and standard error (SE) were used to summarize continuous variables (e.g. cost). Frequencies and percentages were reported for categorical variables. The v 2 or Fisher's exact test was used to evaluate the association between categorical patient characteristics variables and CPM status. Paired Wilcoxon's signed rank test was used to compare the distributions of cost differences between the matched CPM and no-CPM groups.
FIG. 1 Flowchart for patient selection
Multivariable generalized estimating equation regression models were used to fit the cost data and to determine the effect of CPM on total costs after adjusting for other covariates and accounting for matched pairs. Because medical cost data are usually highly skewed, we performed the logarithmic transformation on the original cost data to satisfy the underlying assumptions of the generalized estimating equation models. All tests were two sided. pValues less than 0.05 were considered statistically significant. All analyses were conducted using SAS, version 9.3 (SAS Institute Inc., Cary, NC, USA) statistical software.
RESULTS
Patient Characteristics
Selected patient and clinical characteristics of the CPM (n = 452) and no-CPM (n = 452) matched groups are presented in Table 1 . The average time from date of surgery to CPM was 1.43 months (range 0-21 months), and the average time from diagnosis to CPM was 5.59 months (range 0-22 months). Compared with the no-CPM group, the CPM patients were more likely to be white (p \ 0.0001) and have private insurance (p = 0.005). There was no significant difference between the CPM and no-CPM group for receipt of radiation or endocrine therapy. Patients in the no-CPM group were more likely to be HER2/neu-positive (p = 0.0027). Women who underwent CPM were more likely to receive reconstruction than those who did not (71 vs. 49 %) [p B 0.0001].
For our subgroup analysis based on the timing of CPM, in the immediate CPM subgroup there was a significant difference in the proportion of HER2/neu-positive breast cancers (p = 0.0042) and method of payment (p = 0.0032) between the immediate CPM and no-CPM patients. There was a significant difference in the proportion of patients who had reconstruction in the immediate CPM and no-CPM matched group (p \ 0.0001) and the Table 2 ; only significant variables presented].
Cost Comparison of Contralateral Prophylactic Mastectomy (CPM) versus No CPM
In every comparison, CPM increased the total costs. The mean differences in costs between the CPM and no-CPM matched patients were $3,573 (SE $455) for professional costs, $4,176 (SE $1,724) for technical costs, and $7,749 (SE $2,068) for total costs (Table 3 ) estimated for the entire duration of 0-24 months. Breaking down the cost differences by immediate and delayed receipt of CPM, we found that the differences in professional, technical, and total costs were $3,346 (SE $480), $3,182 (SE $1,877), and $6,528 (SE $2,243), respectively, between the immediate CPM and matched no-CPM patients, and $5,245 (SE $1,406), $11,499 (SE $4,011), and $16,744 (SE = $5,017), respectively, for the delayed CPM and matched no-CPM patients. The differences in costs were statistically significant (p \ 0.05) for all three cost components for the overall sample as well as the subgroups (i.e. 0-24 months, B6 months, and 6-24 months).
Women who had reconstruction had higher total costs compared with women who did not. The mean difference in the total costs between women who had reconstruction and those who did not was higher among the delayed CPM and matched no-CPM patients (n = $23,593) than the immediate CPM and matched no-CPM patients ($9,285).
In multivariable analysis, the mean total costs were 16.9 % higher for women who underwent CPM than women who did not (95 % CI 9.9-24.3; p \ 0.0001) [ Table 4 
DISCUSSION
The increase in short-term healthcare costs for women receiving CPM was $7,749. Of the total costs, the technical costs contributed 53.9 % and the professional costs contributed 46.1 %. In addition to the costs of the surgical procedure, breast reconstruction, chemotherapy, and CPM contralateral prophylactic mastectomy, HER2 human epidermal growth factor receptor 2 a Based on Chi square or Fisher's exact test radiation therapy comprised the majority of the costs of care. The costs of care in the delayed CPM subgroup were approximately 2.5 times greater than the costs of the immediate CPM subgroup. Our finding that immediate CPM costs were less compared with delayed CPM may be related to several factors. In the immediate CPM setting, the patient is already anesthetized for the primary surgery and her postsurgical care and management of complications are part of the index mastectomy time period. Patients selected for immediate CPM were also less likely to undergo reconstruction than patients selected for delayed CPM, and the mean difference in the total cost of care was significantly lower among patients who underwent reconstruction in the immediate CPM subgroup compared with women who underwent reconstruction in the delayed CPM subgroup. Khoo et al. 23 showed that mastectomy with immediate reconstruction is significantly less expensive than mastectomy followed by delayed reconstruction and should be considered to improve cost effectiveness of breast surgery. However, a similar approach to reducing costs associated with CPM will need to take into consideration other factors that influence the timing of CPM with or without reconstruction, such as the availability of genetic testing, patient psychosocial factors, age at onset of the index breast cancer, and the need for post-mastectomy radiation in selected patients. 5, 24, 25 As expected, treatment with trastuzumab-based chemotherapy for HER2/neupositive tumors and receipt of radiation significantly contributed to total costs.
The costs reported in our study account for patient-level variation in the components of resource use (e.g. laboratory tests, length of stay, and medications) at the hospital. This approach has been recognized as the most precise approach for reporting hospital costs. 26 We then converted the hospital-specific charges to more generalized cost estimates using cost estimation formulas. These procedures are becoming more commonplace in US studies. [27] [28] [29] This method of converting charges to costs is a reasonable compromise between accuracy and convenience. However, when the costs estimated in the current study are compared across studies that adopted similar methodologies, the differences in observed costs would be partially due to the types of cost-to-charge adjustments used. A direct cost accounting per patient at the national level would have given more precise estimates.
Our study has limitations. The costs were not directly calculated and the study was conducted at a single site; thus, hospital-level variation in reporting costs is not incorporated. In addition, we did not use a lifetime horizon in the determination of costs; rather, the costs were estimated from the date of surgery up to 24 months. Therefore, the costs associated with long-term events, e.g. treatment of breast cancer recurrence and annual screening mammography, were not considered. Our total costs of care include the costs associated with complications and we did not measure separately the costs of complications between the CPM and no-CPM groups. Several clinical factors (e.g. body mass index) and reconstruction characteristics (e.g. implant volume) are predictive of overall complications and are difficult to capture using CPT codes. 17 Despite these limitations, this is the first study to estimate the increased short-term healthcare costs associated with CPM that are representative of widely generalizable national estimates. 
CONCLUSIONS
Knowledge of the cost of cancer drugs 30 and Medicare reimbursement information for medical imaging 31 can have a significant influence on physicians' recommendations for treatment. Our results can be used for studies evaluating the influence of cost on physician decision making regarding CPM. Given the growing cost of cancer care, evaluating the cost of CPM is important, especially in light of its uncertain breast cancer survival benefit but potential positive psychological impact.
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